L
aryngoscopy and tracheal intubation are the core skills for all anesthetists. 1 Securing and maintaining an adequate airway is the fundamental responsibility of an anesthetist. 2 The process of endotracheal intubation can be divided into a number of elemental acts. Mask ventilation precedes laryngoscopy, which in turn is followed by laryngoscopy and endotracheal intubation. 3 Conventional laryngoscopy is performed in supine position. In this position, the oral, pharyngeal, and laryngeal axes of the patient are offset, making it difficult to obtain a good view of the glottis by the conventional laryngoscope. A slight neck flexion of 25 8 to 35 8 and head extension of 85 8 at atlanto-occipital (A-O) joint help align these axes. In adults, a head elevation of 8 to 10 cm, as a pillow or doughnut, achieves appropriate neck flexion. 4 The primary ''force'' applied by the laryngoscope is upward lift (toward the ceiling). This results in extension of the occiput and the occiput-C1 interspace. The lift also results in flexion at lower vertebrae. Laryngoscopy results in maximal extension at occiput and C1, with flexion below C2. Any intervention that impedes this combination of extension and flexion makes it more difficult to visualize the glottis. 5 The past decade has seen significant changes in the area of airway management. 6 Today's anesthesiologist has a deluge of different laryngoscopes and adjuncts available at his disposal.
The McCoy levering laryngoscope is a modified Macintosh laryngoscope. It has a hinged tip that is operated by a lever mechanism on the back of the handle, which allows elevation of the epiglottis. This blade has been shown to Truview laryngoscope blade has been developed by Truphatek International of Israel as an alternative to currently used conventional laryngoscopes to overcome their shortcomings in DI situations. 8 The key novel feature of this device over the Macintosh laryngoscope is that it facilitates visualization of the vocal cords without the need to align the oral, pharyngeal, and laryngeal axes. 9 We designed this study with the objective to compare the upper cervical spine movement and to compare the best laryngeal view and ease of intubation obtained by the two laryngoscopes.
MATERIALS AND METHODS
The study was approved by the Institutional Ethics and Research Committee and conformed to ethical guidelines of the Helsinki declaration approval and included only those who gave a written informed consent.
Inclusion Criteria
Patients in age group of 20 to 45 years, belonging to the American Society of Anesthesiologists physical status grade I or II, patients with predicted difficult intubation (PDI) score !5 and posted for elective noncardiac surgery requiring general anesthesia with endotracheal intubation (Figure 1 ). 
Exclusion Criteria
Patients with oropharyngeal and facial trauma, with systemic illness, subjects requiring rapid sequence intubation or at risk of gastric aspiration, pregnant patients, with unstable cervical spine or previous spine surgery, and edentulous patients.
The patients were divided by computer-generated randomization into two equal groups of 50 subjects in each group: Group A: intubation done with McCoy laryngoscope (anesthetics) and Group B: intubation done with Truview laryngoscope (Truphatek, Netanya, Israel).
Selected cases underwent routine preanesthetic checkup and laboratory investigations as per protocol. Preoperative airway evaluation was done by an unbiased anesthesiologist who was unaware of the patient's group allocation. All the patients were evaluated for three predictors of difficult intubation while sitting upright in a chair using modified Mallampati test. 10 The ratio of height to thyromental distance 11 and A-O joint extension 8 were recorded by measuring the angle traversed by the line joining the mentum to the angle of mandible, parallel to the floor keeping the head in neutral position and then the patient was asked to maximally extend the head on the neck. The angle traversed by the mentomandibular line was measured by goniometer caliper. We included cases with PDI score !5 (score of 8 ¼ maximum difficulty, score 0 ¼ no difficulty).
Eight hours of fasting was recommended and premedication with tablet ranitidine 150 mg in night and tablet midazolam 7.5 mg 1 hour prior to surgery was prescribed to all the cases. After establishment of intravenous (iv) line standard monitors were attached.
The patient were preoxygenated with 100% oxygen for 3 minutes and induced with i/v inj. propofol 1.5 to 2 mg/kg sufficient to lose verbal contact, i/v inj. fentanyl 1.5 mg/kg. Patients were assessed for ease of bag and mask ventilation and those who could not be ventilated with ease were excluded from the study. Rest of the patients were paralyzed with i/v inj. vecuronium bromide 0.1 mg /kg and ventilated for 3 minutes with oxygen, nitrous oxide (40:60), and isoflurane (1%). Laryngeal view was assessed with Macintosh laryngoscope using conventional technique without external laryngeal manipulation and the view was assigned a class based on the modified Cormack Lehane (CL) grade. 12 The study group laryngoscope blade was kept ready by the side of the head of the patient. With the count of three, the laryngoscope was picked and introduced using the standard techniques. Standard precautions were taken to protect against radiation exposure. Cervical spine movement was observed fluoroscopically and recording was done on videotape throughout laryngoscopy until intubation was achieved. Each attempt was timed using a stopwatch. The end point of each insertion was taken when there was bilateral chest movement, square wave on capnograph, and SpO 2 > 95%. Any attempt requiring more than 120 seconds or three attempts was termed as failed attempt and alternative method for tracheal intubation was applied immediately, which was duly recorded. Time taken for intubation was divided into two intervals: T1-time taken from mouth opening to insertion of the study blade and T2-time taken from laryngoscopy to achievement of intubation.
Endotracheal intubations were performed using size 7.0 or 7.5 mm endotracheal tube (ETT) in females and 8.0 or 8.5 mm ETT in males by the same anesthesiologist who had undertaken at least 30 intubations with each laryngoscope in manikins and at least 20 intubations in the clinical setting with each laryngoscope before the conduct of this study. A second anesthetist was present at all times to direct the positioning of the radiograph, so that the first four cervical vertebrae, the dorsal part of the hard palate, and the caudal portion of the occiput were viewed.
The patient was maintained under general anesthesia by giving top ups of inj. vecuronium bromide (0.02 mg/kg), mixture of 40% oxygen with 60% nitrous oxide and isoflurane (1%). At the end of the surgical procedure, anesthesia was discontinued and residual neuromuscular blockade was reversed with i/v inj. neostigmine (0.05 mg/kg) and i/v inj. glycopyrrolate (10 mg/kg).
For the calculation of the angle between the cervical vertebrae, we used the McGregor line, which joins the most dorsal and caudal part of the occiput to the posterior hard palate as a reference line for the occipital bone. 13 The reference for C1 was an imaginary line between the lower costal margin of the anterior arch and the posterior arch of C1. The references for C2-C4 were imaginary lines between the anterior, inferior margin of the respective vertebral bodies and the lower cortical margin of the respective spinous processes. The fluoroscopic image recorded on videotape was converted to digital format. Maximum movement of the C-spine was determined for each time interval. Movement of the upper C-spine was evaluated by measuring angles formed by adjacent vertebral references lines from occipital bone to C4 during the two-time intervals, and the difference between the neutral position and change in the angles was defined as maximum change in the angle between adjacent cervical vertebrae. A negative value denoted flexion of the C-spine and positive value denoted extension of the C-spine.
Intubation difficulty scale (IDS) score 14 was recorded as 0 ¼ easy, 1 to 5 ¼ mild difficulty, >5 ¼ moderate-severe difficulty, and 1 ¼ impossible intubation.
Statistical Analysis
Previous studies had shown the intervertebral segment motion extension during Macintosh blade is 9.1 8 AE 5 8 (mean AE SD) at C1-C2. [15] [16] [17] [18] We hypothesized that a 30% to 40% that is 3 8 to 4 8 difference in extension at this segment could be potentially clinically significant; using paired data, two-sided test, with a ¼ 0.05 and 1 À b ¼ 0.80, it was estimated that the number of patient required would be 44 in each group. Therefore, using a conservative approach we enrolled 50 patients in each group. All statistical analysis was done by using software Microsoft office Excel 2007 and SPSS version 19 . Patients' demographic data were represented in terms of mean AE SD. Repeated measured analysis of variance was used to compare the hemodynamic profile within the group as well as between two groups. Head extension in terms of cervical spine angle at various levels was compared between two groups using Student t test. x
2 Test was used to analyze the categorical data.
RESULTS
There was no significant difference in the demographic profile between the two groups ( Table 1) . In both the groups, all the three predictors were on the higher side of the grading system. The total IDS determining the ease of tracheal intubation was better in Group B than Group A (Tables 2 and 3) .
Since the maximum points have been given to CL grading and both the study blades have shown to improve the CL grades as compared to Macintosh, IDS score can also be applied to the optical laryngoscopes (Figure 2) . In our study, we found that Truview EVO 2 provided a better laryngeal view than the McCoy laryngoscope and improved the CL grade by two to three grades in the majority of patients while McCoy improved the CL grade by only one or two grades.
During the time taken for laryngoscopy (T1) extension was observed at occiput-T1and C1-C2 in both the groups, but the association between them is not significant. During T1 flexion at the level of C2-4 was recorded in both the groups but it was not significant. Cumulative movement from occiput-C4 during T1 was flexion in both the groups which did not differ significantly (P > 0.05). During the time taken from laryngoscope to achievement of intubation (T2) extension was observed at the level of occiput-C4 in Group A, which was statistically significant (P < 0.05) on comparing with Group B (Table 4) .
In our study, we observed that heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP), and mean arterial pressure (MAP) showed an increase from the baseline value to after removal of study blade in both the groups but a significantly more rise was seen with McCoy laryngoscope (P < 0.05) than Truview EVO 2 . Esophageal intubation was more with McCoy than Truview EVO 2 laryngoscope (6% vs. 2%). In both groups, the patients were reintubated. Even though Truview took a longer time for intubation, we observed no episode of desaturation or arrhythmias in any of the patients (Table 5) .
DISCUSSION
Jackson was first to emphasize the importance of position of head for laryngoscopy and intubation. 19 While the interaction of three axes during laryngoscopy and intubation was first described by Banister and Macbeth. 20 Adnet et al, 21 through a series of magnetic resonance images, showed some degree of C-spine extension occurs during alignment of oral, pharyngeal, and laryngeal axes. In the present study, the predictability of difficult intubation was high since we had used a PDI score >5 in contrast to previous studies. The three indices that we have used have higher sensitivity, positive predicted value, and fewer falsenegative values than other variables.
In our study, we found that Truview EVO 2 provided improved the CL grade by two to three grades in the majority of patients, which is in accordance to the previous studies. [22] [23] We also observed that with the use of McCoy laryngoscope 16 (32 %) patients showed improvement in glottic view from CL grade III to either II/I and similar findings were seen by Chisholm and Calder. 24 In our study 90% patients showed improvement to CL grade I by Truview EVO 2 and 62% patients had CL grade I by McCoy laryngoscope in contrast to previous study who observed CL grade I in 100% subjects. This difference may be because they conducted the study on patients with normal airway while our study included subjects with anticipated difficult intubation. 25 The improvement in the CL grade with the use of Truview EVO 2 is because it is designed to offer an optical view around the corner, allowing a view of the glottis via the prismatic lens without having to align oral, pharyngeal, and laryngeal axes. Therefore, a better view of larynx is obtained in patients who present with grade III/IV with Macintosh laryngoscope. Even though after obtaining a good laryngoscopic view with Truview, we had four (8%) patients in Group B who required more skilled personnel to perform successful intubation because of the difficulty encountered in negotiating the ETT.
In accordance to study conducted by Singhal et al, 26 we observed that additional lifting force was required in more number of patients with McCoy as compared with Truview (22% vs. 12%). It is seen that while using Macintosh and McCoy laryngoscope the operator has to look straight at the glottis, which is unnecessary in Truview. If the angle of view is changed, the lifting force is reduced. Since the Truview provides an indirect sight of view, the force applied is less. 26 We observed that more time was required for intubation with Truview EVO 2 ; it can be explained by the fact that Truview requires good eye-hand coordination and practice to overcome the problems encountered while negotiating the ETT even when the best of the laryngeal view is available. Other reason for more time could be that as the anesthetist looks through the Truview lens, he focuses on the vocal cords and does not see the tube at all. The tube needs to be advanced blindly until its tip enters the Truview visual field. Thereafter, the tube should be introduced through the vocal cords while looking through the lens. Performing this maneuver requires good skill and experience. Similar difficulties had been encountered in previous studies. 8, 27 Even though Truview takes longer time to intubate than other blades, it provides a better glottis view which is useful in anticipated difficult airway (DA) situations when conventional laryngoscope fails to show the glottic opening.
During direct laryngoscopy and orotracheal intubation forces applied by the laryngoscope blade cause simultaneous displacement of the tongue and epiglottis and craniocervical extension, creating a line of sight between the superior aspect of the oral cavity and the glottis inlet. Previous studies with Macintosh laryngoscope have shown that craniocervical extension is greatest between occiput and C1 and between C1 and C2. 18, 28 8 , P ¼ 0.000). It was also seen that extension of the angle seen at occiput-C1 and C1-C2 was significantly (P < 0.05) reduced with Truview during T2. Change in the angle at C2-C3 and C3-C4 was also significantly less with Truview than McCoy laryngoscope. This significant difference in movement with Truview may be of use in patients with limited neck movement.
In our study using continuous lateral fluoroscopy, we observed greatest movement of the C-spine during direct laryngoscopy occurred at above C4 and more significant movement of the C-spine occurred with McCoy while lifting the epiglottis forward to expose the glottis similar to observations made by Maruyama et al. 13 We Laryngoscopy is a consistent noxious stimulus which provokes a sympathoadrenal response. This may result in an increase in heart rate and blood pressure after removal of blade. Our observations confirm the finding of Kumar et al 25 who observed that the design of the laryngoscope blade has little influence on the stress response to laryngoscopy, but it is the force that is applied by the blade on the base of the tongue or lifting the epiglottis which causes variation in hemodynamic parameters. It has been seen that when there is a difficulty in laryngoscopy, the anesthetist tends to apply more force during intubation and the patient has a higher risk of intubation and postextubation complications. 27 Truview blade is designed to enable indirect laryngoscopic view, so less force is applied on anterior larynx, which resulted in no bleeding or soft tissue damage in any patient. 27 The main limitation of our study was that it was not blinded due to unfeasibility of blinding the anesthetist to the laryngoscope being used. We overcame this problem by having an independent observer for recording the observed parameters and also the data analyst was blind to group allocation. Radiographic biases would have been possible as the laryngoscopes appeared on the radiographs. But this was unlikely since the radiologist was unfamiliar with the instruments. In addition, the radiographs were shuffled, and patient identity was masked to prevent biases in the matched comparison of data for each patient. Also the lines were drawn through well-defined bony landmarks and could vary no more than the width of the pencil mark. Finally, the angle measurements with a goniometer were precise.
CONCLUSION
We recommend the use of Truview laryngoscope in cases with anticipated or unanticipated difficult intubation where it can proved to be a useful tool in reducing the incidence of failed intubation. At the same time, it also results in less movement at upper cervical spine in patients with restricted neck mobility. However, a certain familiarity and practice is required to achieve good eye-hand coordination for indirect laryngoscopy with this blade. We also recommend the use of IDS in evaluating the factors linked to difficult intubation and it can also be used objectively while performing endotracheal intubation with conventional as well as optical laryngoscopes.
Key Points
The addition of modified laryngoscope blade to the anesthesiologist's armamentarium adds flexibility and improves the skill of the anesthetist, which benefits the patients. Truview provided the best laryngeal view as compared to McCoy laryngoscope, which resulted in more ease of intubation. Truview resulted in less upper cervical spine movement and incidence of intubation and postoperative complications were low. The capability of the optic system and the benefit of continuous oxygen insufflations proved to be beneficial in intubating difficult intubation cases.
